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AbstrACt. PPP projects usually involve more risks than other traditional procurement 
models because of their complexity. this paper presents the third stage of a funded study, 
which aims to develop a practical and computerized risk evaluation model for PPP projects. In 
the first and second stages, a risk hierarchal structure composed of 17 weighted risk factors is 
developed to describe risk profiles of PPP projects. The weightings and membership functions 
for risk factors are established using the Delphi survey technique and fuzzy Set theory. the 
risk evaluation model is then developed using a fuzzy synthetic evaluation approach. In the 
third stage, an automated decision support tool based on the risk evaluation model is designed 
for PPP practitioners by using Visual Basic for application (VBa). the computerized tool 
can not only assist PPP participants to assess a PPP project’s overall risk level for auxiliary 
investment decision, but can also help practitioners to identify the most risky areas of a PPP 
project for effective risk response. to demonstrate the applicability of the computerized model, 
an illustrative case is finally provided.
keYwords: Public Private Partnerships (PPP); risk evaluation; risk management; fuzzy; 
Decision support
1. introduCtion 
Since the reform and opening of the na-
tional economy in 1978, china has entered 
into a rapid urbanization period. the united 
nations forecasted that the percentage of the 
urban population in the Prc would increase 
from 44.94% in 2007 to 57% in 2025 (china 
Statistical yearbook, 2008; chan et al., 2010). 
as the backbone of the economy, infrastructure 
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development is regard as the core component 
to alleviate the negative impact of unorganized 
urban growth and china’s on-going economic 
development. “Public-Private Partnership 
(PPP) financing modalities, with the capabil-
ity of providing funding and efficient manage-
ment, have been identified as innovative tools 
for financing major infrastructure projects in 
china” (asian Development Bank, 2005; chan 
et al., 2010). However, due to the increasing 
complexity and extension of the disciplines, 
multi-public agencies and private sectors in-
volved, existing PPP projects are plagued by 
risks and often have suffered poor perfor-
mance in terms of cost overrun and schedule 
delay (Zeng et al., 2007; tah and carr, 2000; 
Xenidis and angelides, 2005). the larger the 
scale and the longer the concession period of 
a PPP project, the greater the possibility and 
severity of risks; at the same time, the degree 
of uncertainty is also harder to evaluate (War-
szawski and Sacks, 2004). thus, an effective 
risk evaluation model for PPP projects is nec-
essary to increase the chance of project success 
(Skorupka, 2008). 
a substantial number of studies have been 
devoted to seeking appropriate approaches to 
facilitate risk evaluation. a number of meth-
ods have been adopted to design mathematical 
models in the project risk management field, 
including system dynamics (nasirzadeh et al., 
2008), fuzzy set (tah and carr, 2000), analytic 
hierarchy process (Zayed et al., 2008), Monte 
carlo simulation (Winter, 1999), neural net-
works (Jablonowski, 1994), event tree (ezell et 
al., 2000), and so on. forbes et al. (2008) stated 
that there are a total of 36 different methods 
available to identify and evaluate risks. How-
ever, only a handful of these are utilized as 
industrial practitioners lack the confidence 
in using the techniques (forbes et al., 2008). 
Moreover, relevant data needed for risk evalu-
ation is also usually difficult to obtain or does 
not exist in the construction industry (War-
szawski and Sacks, 2004; choi and Mahade-
van, 2008). the evaluation of risk level for a 
specific risk factor or project, based on indus-
trial practitioners’ experience and intuition, is 
a complex process shrouded in uncertainty and 
vagueness (tah and carr, 2000). as a result, 
risk evaluation is currently often limited to 
simple sensitivity analyses (Warszawski and 
Sacks, 2004). on the other hand, various risk 
factors or indicators are usually adopted to 
comprehensively evaluate the risk level of a 
specific PPP project, which result in complicat-
ed calculations. It is therefore vital to design a 
computerized risk evaluation model to ensure 
the accuracy of the mathematical calculation 
process.
this paper reports the third stage of a 
funded research study, which aims at devel-
oping a risk evaluation model for PPP projects 
in china. In this stage, an automated deci-
sion support tool based on the risk evalua-
tion model using Visual Basic for application 
(VBa) was developed. It will enable private 
investors or bankers to select more suitable 
PPP projects through risk evaluation more ef-
ficiently and can also help PPP practitioners 
identify the most risky areas in a PPP project, 
thus allowing them to make more effective re-
sponse. In addition, although the development 
of this risk evaluation model is primarily de-
signed for the PPP practices in china, the 
research method could be replicated to other 
countries to produce similar models for risk 
management.
2. reseArCh methods  
the research methods employed in this 
study encompass literature review, a two-
round Delphi survey for data collection, fac-
tor analysis, fuzzy set theory, and fuzzy syn-
thetic evaluation for data analysis. the gen-
eral framework is shown in figure 1. a total 
of eight steps are conducted to establish the 
computerized tool for the risk evaluation of 
PPP projects. 
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figure 1. framework of developing a computerized risk evaluation model for PPP projects
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table 1. general Information about the Delphi survey respondents (round 2)
1) role of survey respondents
category Public sector Private sector academic sector total
Percentage 14.0 37.6 48.4 100
2) type of PPP projects that the survey respondents have been involved with
category Hospital transportation Water Power Housing Police School other
number 2 25 10 7 6 2 5 4
3) Industrial experience of survey respondents
category five years or less 6–10 years 11–15 years above 16 years
Percentage 20.4 15.1 22.6 41.9
4) PPP experience of survey respondents
category none 1–2 years 3–5 years above 6 years
Percentage 22.6 20.4 37.6 19.4
2.1. data collection 
Literature review was first conducted to 
identify risk factors of PPP projects. a consoli-
dated list of 34 potential key risks associated 
with PPP projects pertaining to china was 
identified. Detailed risk factors please refer to 
Xu et al. (2010). Based on this list, a two-round 
Delphi questionnaire survey was designed and 
conducted. In the first round, the question-
naire was send to a total of 580 experts na-
tionwide and 105 experts participated in. the 
respondents were requested to: (1) assign an 
estimated probability of occurrence based on 
a 5-point scale (where 1 = very low and 5 = 
almost certain to occur); (2) estimate the se-
verity of the risk on a scale of 1 to 5 (where 
1 = no serious influence on the project and 5 = 
catastrophic, where the project would be abort-
ed); and add any new additional risk factors 
which were not included. After the first round 
of Delphi survey, not only was the perception 
of the relative importance of each risk factor 
acquired, but three new risk factors were also 
added to the initial risk register including (1) 
concessionaire change; (2) subjective project 
evaluation method; and (3) insufficient project 
finance supervision. Then, in Round 2 of the 
Delphi survey, the 105 respondents were pro-
vided with the consolidated results obtained 
from round 1 and were invited to reconsider 
their scores to see if they would like to adjust 
their original choices, meanwhile assess the 
three new risk factors. a total of 93 experts 
completed the second round of the Delphi ques-
tionnaire representing a success rate of 88.6%. 
a list of general information about the Delphi 
experts of round 2 is shown in table 1. these 
experts represent a wide spectrum of con-
struction professionals in china and provide 
a balanced view for the Delphi study. 37.6% of 
the respondents were from the private sector 
(corporation), 14.0% were from the public sec-
tor (government sector), and the remaining re-
spondents mainly consisted of researchers and 
academics. furthermore, nearly 80% of the re-
spondents have more than 5 years of industrial 
experience. Most of the respondents had been 
involved with more than one PPP project. Suf-
ficient work experience and relevant organiza-
tions of the selected experts ensure the valid-
ity of this Delphi study. 
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2.2. data analysis
three mathematical tools, including factor 
analysis (fa), fuzzy Set (fS), and fuzzy Syn-
thetic evaluation (fSe), were used to analyze 
data collected from the two rounds of Delphi 
survey. fa is a conventional mathematical 
technique typically adopted for condensing of 
large number of variables into fewer groupings 
(norusis, 1992). fS is a mathematic technique 
used herewith to establish the fuzzy member-
ship function for each risk factor and fSe was 
then adopted to synthesize the effect of each 
risk factor and derive the overall risk level of 
PPP projects as a whole. 
Factor Analysis: “fa is used to identify a 
relatively small number of factor groupings 
that can be used to represent relationships 
among sets of many inter-related variables” 
(norusis, 1992). the technique was applied to 
the Delphi study to explore the factor groups 
that might exist among the risk factors in 
china’s PPP projects. the number of factor 
groups required to represent that data set 
was determined by examining the total per-
centage of variance explained by each factor 
group (chan et al., 2010). In this investigation, 
principal components analysis was used to 
identify the underlying factor groups because 
of its simplicity and distinctive characteristic 
of data-reduction capacity for factor group ex-
traction (chan et al., 2010). In order to obtain 
principal factor groups for a clearer image, fac-
tor extraction with varimax rotation and Kai-
ser normalization were conducted through the 
SPSS factor program. 
Fuzzy Set: Since the criteria for risk evalu-
ation are fuzzy in nature, this requires asses-
sors’ subjective value assessment (cho et al., 
2002). fS was therefore adopted in this study, 
which can be used to tackle ill-defined and 
complex problems due to incomplete and im-
precise information that characterize the real 
risk level of risk factors (Zeng et al., 2007). 
In this study, a horizontal method was used 
for the determination of membership function 
of risk factors based on the results obtained 
from the two-round Delphi survey. a triangle 
function was used to represent the fuzzy mem-
bership functions of input variables of an end-
user. the detailed process of the horizontal 
method used and triangle functions adopted 
will be discussed in the next section. 
Fuzzy Synthetic Evaluation: fSe is a 
method to assess multiple criterion decision-
making. It aims to provide a synthetic evalu-
ation of an object relative to an objective in a 
fuzzy decision environment utilizing a number 
of factors (li et al., 2000). In this study, fSe 
is used to calculate the overall risk level of a 
PPP project. Based on li et al. (2000) research, 
a multi-criterion evaluation model requires 
three basic elements:
1) a family of basic criteria/factors 
{ }1 2, , ..., ;mf f fπ =
2) a set of alternatives { }1 2, , ..., ;nE e e e=
3) for every object u U∈ , there is an 
evaluation matrix ( )ij m nR r ×= . In the 
fuzzy environment, ijr  is the degree to 
which alternative je  satisfies the cri-
terion fj. It is presented by the fuzzy 
membership function of alternative ej 
with respect to the criterion fj.
With the preceding three elements, for a 
given u U∈ , its evaluation result can be de-
rived. 
3. proCedures for developing 
the risk evAluAtion model 
figure 1 shows that there are a total of 
eight steps to establish the computerized 
risk evaluation model. The first seven steps 
are used to develop the fuzzy risk evaluation 
model for PPP projects and step eight is used 
to transform the fuzzy evaluation algorithm 
into a computerized tool with the use of Visu-
al Basic for application (VBa). the following 
section will present the process in detail; and 
in the order of the (1) establishment of risk 
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evaluation structure (from step 1 to step 4); 
(2) determination of weightings for each risk 
factor and risk criterion (step 5); (3) determi-
nation of fuzzy membership function for each 
risk factor (step 6); and (4) fSe for overall risk 
evaluation (step 7). although the main objec-
tive of this paper is to report the computerized 
risk evaluation tool, the process of model de-
velopment is also briefly presented for the ease 
of understanding the former.
3.1. establishing the risk evaluation 
structure (from step 1 to step 4)
In this study, a total of 37 risk factors re-
ported by Xu et al. (2010) were rated by the 
respondents in two rounds Delphi survey. giv-
en the large number of risks related to PPP 
projects, it would be complex to evaluate them 
collectively, and difficult to draw meaningful 
conclusions. according to their risk impact rat-
ed by all of the 93 Delphi respondents, the top 
17 risk factors with normalized values equal to 
or greater than 0.50 were considered as criti-
cal risk factors and were chosen for conducting 
the subsequent factor analysis (fa), which 
can further reduce the number of variables by 
combining two or more variables into a single 
group. for the selection of 17 critical risk fac-
tors please also refer to Xu et al. (2010). as 
the Pareto’s principle states, for many events, 
80% of effects come from 20% of the causes 
and the overall risk level of a specific project 
is usually dominated by critical risk factors 
(Iyer and Sagheer, 2010). Such selection also 
complies with the prerequisite of the factor 
analysis technique, which requires a ratio of 
1:5 for variables to sample size (lingard and 
rowlinson, 2006). Various researchers have 
also followed the same procedures to meet 
the requirements of factor analysis (Martinez, 
1994; toor and ogunlana, 2008). the Kend-
all’s concordance analysis shows that in the 
two rounds of Delphi survey, both risk prob-
ability and risk severity were considered to 
be sufficiently consistent with 1% significance 
levels as shown in the appendix 1. the results 
of appropriateness tests for factor analysis in-
cluding (1) Bartlett test of sphericity and (2) 
Kaiser–Meyer–olkin (KMo) test are also ac-
ceptable (appendix 1). 
Six factor groups were extracted after 5 iter-
ations, which accounted for 66.26% of the vari-
ance in responses. The first three factor groups 
accounted for 14.9%, 14.5%, and 12.3% of the 
variance, respectively. the remaining factor 
groups together accounted for 24.5% of the 
variance. nearly all factor loadings were found 
to be above 0.5, with 12 of them being above 
0.6 (appendix 1). Based on the results, an as-
sessment framework encompassing 17 risk fac-
tors (as indicators) was finally determined and 
serves as the basis for profiling and evaluating 
the risk level of PPP projects. the risk factors 
were classified into six categories based on the 
results of above factor analysis and struc-
tured into a three-level hierarchical structure 
as shown in Table 2. The first-level (top level) 
is the overall risk level. the second level rep-
resents the six critical criteria for depicting a 
PPP project’s risk profile, namely (1) Macro 
economic risk (Mer); (2) construction and 
operation risk (cor); (3) government Matu-
rity risk (gMr); (4) Market environment risk 
(Mer); (5) economic Viability risk (eVr); and 
(6) government Intervention risk (gIr). the 
end user can also adjust the risk factors (indi-
cators) based on specific project conditions. The 
risk factors presented in hierarchical, manage-
able, and defined format are beneficial to assist 
in their evaluation and communication (Iyer 
and Sagheer, 2010). the overall risk level can 
be represented and obtained through assessing 
the six critical risk criteria synthetically. each 
of the second-level criteria has its sub-criteria, 
which are defined as the third-level indicators 
(i.e. risk factors). risk evaluation of the hierar-
chical structure starts from the third level and 
continue to the first level. 
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3.2. determining the fuzzy membership 
function for each risk factor (step 5)
It is well known that the evaluation of 
risk level for each risk factor is expected to be 
highly subjective and imprecise. the criteria 
are not clearly defined and are impractical to 
quantify. for example, what probability could 
be considered as “high”, what severity could be 
regarded as “serious”? Similar to the estima-
tion of probabilities in the probability theory, 
we can only obtain an approximate member-
ship function for each risk factor because of our 
cognitive limitations as well as the fuzziness of 
the questions themselves (lam et al., 2007). 
“the major distinction between random phe-
nomena and fuzzy phenomena is that random 
events have clear and well-defined meaning, 
whereas a fuzzy concept does not have a pre-
cise extension because it is different to judge if 
an object belongs to the concept” (tarighat and 
Miyamoto, 2009). Moreover, the probability 
and severity of each risk factor of PPP projects 
could change dynamically as a result of many 
uncertain variables, such as legal, macroeco-
nomic, and natural conditions.
to tackle this problem, a fuzzy statistical 
approach was used to establish the fuzzy mem-
bership function. the fuzzy membership func-
tion for each risk factor comprises of two parts. 
Part one is formed based on the 93 Delphi 
experts’ opinion obtained from the two-round 
Delphi survey, and part two is directly derived 
from end-user’s own judgment according to 
their risk management capability, resources, 
and target project’s risk profile. To assess the 
risk level of a specific PPP project, the Delphi 
expert’s opinions are used to balance the end-
user’s judgment to achieve a relatively objec-
tive evaluation results. 













of a specific 
PPP 
Project
B1 Macro economic 
risk
C1 Foreign exchange fluctuation 3.39 13
C2 Inflation 3.39 14
C3 Interest rate fluctuation 3.43 8
B2 construction 
and operation risk
c4 Project/operation changes 3.37 15
c5 completion risk 3.34 16
C6 Conflicting and imperfect contract 3.42 9
c7 Price change 3.29 17
c8 operation cost overrun 3.40 12
B3 government 
maturity risk
c9 government corruption 3.62 3
c10 Imperfect law and supervision system 3.56 5
c11 Poor public decision-making process 3.64 2
B4 Market 
environment risk
c12 financing risk 3.62 4
c13 change in market demand 3.42 10
c14 Public credit 3.49 6
B5 economic 
viability risk
c15 Subjective  project evaluation method 3.46 7





c17 government intervention 3.91 1
Note: the relative importance index is jointly determined by estimated probability of occurrence and severity of the risk 
consequence.
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 – Membership function of part one
the horizontal method was adopted to de-
termine the membership function of part one. 
the underlying idea of the horizontal method 
is to gather information about membership 
values of the concept at some selected elements 
of the universal of discourse r1, r2, …, rn 
(Pedrycz, 2007). the method relies on experi-
mental findings collected under the following 
scenario. If 100 questionnaires are collected, 
2 out of 100 survey respondents regarded the 
risk probability of “foreign exchange fluctua-
tion” as “very low”, 8 survey respondents as 
“low”, 45 survey respondents as “medium”, 39 
survey respondents as “high”, and 6 survey re-
spondents as “very high”. then the evaluation 
vector of membership function for probability 
of foreign exchange fluctuation can be denoted 
or represented by:
p11
0.02 0.08 0.45 0.39 0.06 0.02 0.08 0.45 0.39 0.06c + + + + + + + +
verylow low medium high veryhigh 1 2 3 4 5
= = 
p11
0.02 0.08 0.45 0.39 0.06 0.02 0.08 0.45 0.39 0.06c + + + + + + + +
verylow low medium high veryhigh 1 2 3 4 5
= =  
p11
0.02 0.08 0.45 0.39 0.06 0.02 0.08 0.45 0.39 0.06c + + + + + + + +
verylow low medium high veryhigh 1 2 3 4 5
= =  (1)
which can also be re-written as (0.02, 0.08, 
0.45, 0.39, 0.06). likewise, all other risk fac-
tors evaluation vectors of membership function 
can be obtained in a similar fashion. Pedrycz 
and gomide (1998) regarded this as a very 
simple experiment, and when prudently ar-
ranged and completed, it can deliver reliable 
and significant estimates. 
 – Membership function of part two
the procedure for transforming input data 
so that they belong to a particular fuzzy subset 
is known as fuzzification (Lam et al., 2007). The 
linguistic input variables, denoted by table 3, 
are defined to describe the input variables to 
facilitate the building of fuzzy inference rules 
of end-user’s judgment (lam et al., 2007). the 
set is {very low, low, medium, high, very high}. 
the end-user can select the most appropriate 
option according to his risk management capa-
bility and resources. triangle functions, based 
on experts’ opinion, are used to represent the 
fuzzy membership functions of input variables 
of end-user’s part as shown in figure 2 and ta-
ble 4. Subsequently, the membership function 
for each risk indicator and risk criterion can 
then be determined by values in part one plus 
that in part two and summarized as shown in 
tables 5 and 6. 
table 3. terms for describing risk probability and risk severity
risk probability Description
Very low (Vl) almost no possibility of occurring 
low (l) unlikely to occur 
Medium (M) likely to occur 
High (H) Very likely to occur 
Very High (VH) almost certain to occur
risk severity Description
Very low (Vl) No serious influence on the project
low (l) Slightly affect the project performance
Medium (M) Moderately affect the project performance 
High (H) Significantly affect the project performance 
Very High (VH) catastrophic, where the project would be aborted
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table 5. the weighting and membership function for possibility of each risk indicator and risk criterion






Delphi experts’ opinion end user’s judgment 
(1 – W) W is inputted by an end user
Macroeconomic risk (0.18)
1 foreign exchange 
fluctuation
0.33 (1 – W)×(0.02,0.08,0.45,0.39,0.06) W×(Input by an end user in B1)
2 Inflation 0.33 (1 – W)×(0.02,0.03,0.49,0.45,0.03) W×(Input by an end user in B1)
3 Interest rate 
fluctuation
0.34 (1 – W)×(0.01,0.03,0.42,0.45,0.05) W×(Input by an end user in B1)
construction & operation risk (0.28)
4 Project/operation 
changes
0.21 (1 – W)×(0.01,0.08,0.43,0.42,0.07) W×(Input by an end user in B2)
5 completion risk 0.195 (1 – W)×(0.01,0.14,0.53,0.28,0.04) W×(Input by an end user in B2)
figure 2. Membership functions of evaluation set
Risk level
 
VL                     L                      M                          H                        VH  






table 4. Membership function for each possible risk perception value
Probability or severity Degree of membership functions normalized degree of membership functions
Very low (Vl) (1.0, 0.5, 0.0, 0.0, 0.0 ) (0.67, 0.33, 0.00, 0.00, 0.00)
low (l) (0.5, 1.0, 0.5, 0.0, 0.0) (0.25, 0.50, 0.25, 0.00, 0.00)
Medium (M) (0.0, 0.5, 1.0, 0.5, 0.0) (0.00, 0.25, 0.50, 0.25, 0.00)
High (H) (0.0, 0.0, 0.5, 1.0, 0.5) (0.00, 0.00, 0.25, 0.50, 0.25)
Very High (VH) (0.0, 0.0, 0.0, 0.5, 1.0) (0.00, 0.00, 0.00, 0.33, 0.67)
(Continued)
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Delphi experts’ opinion end user’s judgment 
(1 – W) W is inputted by an end user
(Continued)
6 Conflicting or 
imperfect contract
0.205 (1 – W)× (0.03,0.09,0.41,0.43,0.04) W×(Input by an end user in B2)
7 Price change 0.19 (1 – W)× (0.04,0.15,0.47,0.32,0.01) W×(Input by an end user in B2)
8 operation cost 
overrun
0.20 (1 – W)× (0.01,0.12,0.50,0.34,0.03) W×(Input by an end user in B2)
government maturity risk (0.19)
9 Imperfect law and 
supervision system 
0.33 (1 – W)× (0.02,0.04,0.36,0.48,0.10) W×(Input by an end user in B3)
10 government 
corruption
0.33 (1 – W)× (0.02,0.07,0.30,0.55,0.07) W×(Input by an end user in B3)
11 Poor public decision-
making process
0.34 (1 – W)× (0.00,0.05,0.34,0.56,0.04) W×(Input by an end user in B3)
Market environment risk (0.17)
12 change in market 
demand
0.33 (1 – W)× (0.02,0.11,0.51,0.33,0.03) W×(Input by an end user in B4)
13 Public credit 0.32 (1 – W)× (0.05,0.09,0.48,0.32,0.05) W×(Input by an end user in B4)
14 financing risk 0.35 (1 – W)× (0.00,0.04,0.44,0.49,0.03) W×(Input by an end user in B4)
economic viability risk (0.11)
15 Subjective project 
evaluation method
0.515 (1 – W)× (0.00,0.09,0.52,0.36,0.04) W×(Input by an end user in B5)
16 Insufficient project 
finance supervision 




1 (1 – W)× (0.00,0.01,0.20,0.66,0.13) W×(Input by an end user in B6)
table 6. the weighting and membership function for severity of each risk indicator and risk criterion






Delphi experts’ opinion end user’s judgment 
(1 – W) W is inputted by an end user
Macroeconomic risk (0.17)
1 foreign exchange 
fluctuation
0.33 (1 – W)× (0.00,0.08,0.48,0.40,0.03) W×(Input by an end user in B1)
2 Inflation 0.33 (1 – W)× (0.02,0.05,0.45,0.45,0.01) W×(Input by an end user in B1)
3 Interest rate 
fluctuation
0.33 (1 – W)× (0.00,0.10,0.43,0.46,0.01) W×(Input by an end user in B1)
construction & operation risk (0.28)
4 Project/operation 
changes
0.19 (1 – W)× (0.03,0.08,0.46,0.42,0.01) W×(Input by an end user in B2)
5 completion risk 0.20 (1 – W)× (0.00,0.08,0.42,0.44,0.07) W×(Input by an end user in B2)
6 Conflicting or 
imperfect contract
0.20 (1 – W)× (0.02,0.03,0.42,0.50,0.03) W×(Input by an end user in B2)
7 Price change 0.20 (1 – W)× (0.03,0.07,0.38,0.43,0.10) W×(Input by an end user in B2)
8 operation cost overrun 0.21 (1 – W)× (0.02,0.05,0.33,0.55,0.04) W×(Input by an end user in B2)
(Continued)
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Delphi experts’ opinion end user’s judgment 
(1 – W) W is inputted by an end user
(Continued)
government maturity risk (0.18)
9 Imperfect law and 
supervision system 
0.32 (1 – W)× (0.01,0.07,0.36,0.53,0.05) W×(Input by an end user in B3)
10 government 
corruption
0.34 (1 – W)× (0.00,0.08,0.29,0.52,0.12) W×(Input by an end user in B3)
11 Poor public decision – 
making process
0.34 (1 – W)× (0.00,0.07,0.27,0.57,0.10) W×(Input by an end user in B3)
Market environment risk (0.18)
12 change in market 
demand
0.32 (1 – W)× (0.01,0.07,0.33,0.50,0.10) W×(Input by an end user in B4)
13 Public credit 0.34 (1 – W)× (0.03,0.03,0.24,0.54,0.16) W×(Input by an end user in B4)
14 financing risk 0.34 (1 – W)× (0.02,0.02,0.22,0.68,0.06) W×(Input by an end user in B4)
economic viability risk (0.12)
15 Subjective project 
evaluation method
0.49 (1 – W)× (0.00,0.04,0.39,0.53,0.04) W×(Input by an end user in B5)
16 Insufficient project 
finance supervision 




1 (1 – W)× (0.00,0.01,0.22,0.61,0.16) W×(Input by an end user in B6)
note: W denotes the weighting of end user’s judgment; (1-W) denotes the weighting of Delphi experts’ opinion.
3.3. determining the weightings for each 
risk factor and risk criterion (step 6)
each risk factor or risk criterion bears dif-
ferent impact on the overall risk level of PPP 
projects (chen et al., 2008). the weighting re-
flects the relative strength or importance of the 
related risk factor (chen et al., 2008). Weight 
synthesis provides a measure of combined ef-
fects from all the factors in question. Data col-
lected from the Delphi questionnaire survey 
was analyzed using the mean value to deter-
mine the weighting of each risk factor and risk 
criterion. this technique was also used by Xu et 
al. (2010). Weightings for each risk factor and 
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j = 1, 2, ..., m (2) 
[0,1]jW ∈   1 2 ... 1mW W W+ + =
where: W represents the weighting of risk fac-
tors; M represents the mean value of risk im-
pact.
after the above calculations, the weightings 
for each risk factor and risk criterion are sum-
marized in table 5 and 6.  
3.4. fuzzy synthetic evaluation (step 7)








= ×∑  
bj B∀ ∈  is employed to evaluate the overall 
risk level of PPP projects ( iw  denotes the 
weighting of evaluation indicators or criteria. 
ijc  denotes the membership function of evalu-
ation indicators or criteria, b denotes member-
ship function of risk criteria or PPP projects as 
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a whole). the symbol ⊕ represents the summa-
tion of product of weighting and membership 
function. Model M (•,⊕) is suitable as all fac-
tors are considered and the weighting for each 
factor does not differ significantly (Lo, 1999). 
It should be noted that as both the w and c are 







×∑ , therefore, model 







= ×∑ . 
Based on this calculation model, the member-
ship function of risk possibility and risk sever-
ity for each risk criterion and final risk goal 
can be obtained. finally, the risk impact can 
be determined by the product of risk possibil-
ity and risk severity via the formula as shown 
below. 
     risk impact risk possibility risk severity= × 
     risk impact risk possibility risk severity= ×  (3)
for the convenience of comparison among 
risk criteria and overall risk level between dif-
ferent PPP projects, the normalized member-
ship function of risk impact can be further sim-







= ×∑  (B is 
membership function of risk criteria or PPP 
projects as a whole; K is a constant) lastly, a 
constant can be obtained, which forms the ba-
sis for applications of risk evaluation results. 
4. AppliCAtion of the evAluAtion 
results 
after following the above-mentioned 7 
steps, the risk level of PPP project as a whole 
and the risk level of individual evaluation cri-
terion of the project can be obtained. the re-
sults can be used (1) to help private investors 
and bankers identify appropriate PPP projects 
with the least risk for investment; and (2) find 
the most risky areas of a particular PPP pro-
ject for effective risk response.
 – assisting a private investor or a banker 
in conducting risk assessment for invest-
ment 
risk evaluation is a pre-requisite procedure 
for investment decision-making. the investor 
needs to know a PPP project’s overall risk 
level, including its construction and operation 
risk, government administration risk, market 
environment risk, economic viability risk, gov-
ernment intervention risk, and so on. In this 
regard, the end-user can input the information 
collected from the targeted PPP projects to cal-
culate the overall risk level. and projects with 
lower overall risk index can be identified and 
short-listed for potential investment.
 – assisting the PPP practitioners’ risk re-
sponse
the risk index of evaluation criterion can 
be used to identify the most risky areas of a 
specific PPP project. This information can as-
sist the PPP practitioners in adopting precise 
response measures to mitigate their risks and 
improve their risk management efficiency. It 
is beneficial to improve the project’s financial 
performance, especially in china where the le-
gal system for PPP projects has not been well-
established.
5. the design of A Computerized 
risk evAluAtion tool (step 8)
for the convenience of end users, the auto-
mation process of the proposed risk evaluation 
model for PPP projects with the use of Visual 
Basic for application (VBa) is developed. al-
though there are a number of programming 
languages available to program the risk evalu-
ation model, including MatlaB, c language, 
and so on, VBa is chosen because it can oper-
ate under the environment of Microsoft Word. 
therefore, there is no need for end-users to 
install additional new software program to 
their computers and they can easily learn the 
terms and syntax of the object model using the 
Macro recorder. the computerized model can 
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help reduce human and mathematical errors 
as data can be directly inputted by project par-
ticipants and data analysis is then performed 
by the computerized procedure instead of the 
manual calculation.
the risk evaluation Model (reM) is oper-
ated through a user interface by clicking “risk 
evaluation” button as shown in figure 3. a to-
tal of eight menus is displayed at the top of the 
first page, including: 1) Instruction; 2) MER; 3) 
cor; 4) gMr; 5) Mer; 6) eVr; 7) gIr; and 
8) result. Menus 2 to 7 are used for data col-
lection and menu 8 is designed for result out-
put. the following sections will illustrate the 
usage of the risk evaluation tool in practice. 
the illustration focuses on three major areas, 
including: (1) Introduction; (2) Data Input; and 
(3) result output.
5.1. introduction of risk evaluation tool
there is a plethora of useful information 
regarding the risk evaluation Model under 
“instruction” menu. they include: (1) proce-
dures for developing the risk evaluation model; 
(2) the definition of each risk factor; and (3) 
calculation procedures of the risk evaluation 
model.
 – Procedures for developing the risk evalu-
ation model 
This part defines the methodology and pro-
cedures of model development. It summarizes 
the research methods adopted in this study, 
including: (1) literature review; (2) Delphi 
questionnaire survey; (3) factor analysis; (4) 
fuzzy Set theory; and (5) fuzzy Synthetic 
evaluation, to the end-users for the ease of 
understanding the model development.
 – Definition of risk factors 
the interpretation of each risk indicator 
shows the full descriptions of the 17 evaluation 
indicators allowing the end-user to understand 
the risk definitions accurately. (For detailed 
risk definitions, please refer to the paper re-
ported by Ke et al., 2009)
 – calculation Procedures of risk evalua-
tion Model 
there are a total of 4 steps to execute the 
computerized risk evaluation tool. 
Step1: assess the probability and severity 
of each risk factor with respect to the risk sce-
nario. 
Step 2: repeat the same procedures until 
the assessment of all six risk criteria are fin-
ished.
figure 3. Interface of risk management software
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Step 3: Select the weighting for the end-
user’s own opinion, the program will auto-
matically generate another value which rep-
resents the importance of the experts’ opin-
ion.
Step 4: lastly, click the “calculate” button. 
The final results which represent the overall 
risk level of a PPP project and the risk level of 
each risk criterion will be shown in the output 
box. 
5.2. data input
after reading the instructions of reM, the 
end-user can click the “next” button to enter 
data into the data input menus by selecting the 
appropriate options. the system default value 
is “Medium”. end-users can input their value 
of judgments based on the enterprise’s resourc-
es, risk management capability and project’s 
risk profile. The data input interface is shown 
in figure 4. Moreover, it should be noted that 
figure 4. Data input format of the risk evaluation model
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before clicking the “calculate” button, the end-
users should select the appropriate weighting 
for their judgments. the expert’s opinion is 
mainly used to balance the end-user’s judgment 
to achieve a relatively objective evaluation re-
sults. the determination of weighting depends 
on end-user’s experience and knowledge of risk 
evaluation of PPP projects. If the end-user are 
familiar with target PPP project and has much 
experience in risk management, he can assign 
a relatively smaller weighting to the Delphi 
expert’s opinion, and vice versa. another value 
that stands for the importance of the expert’s 
opinion will be automatically generated. 
5.3. result output for investment 
decision-making and risk response
after entering the input data and clicking 
the “calculate” button, the normalized value 
and histogram of the risk levels of evaluation 
criteria and PPP project as a whole will be gen-
erated as shown in figure 5. the results allow 
risk managers, concessionaires, or government 
officers to measure the risk level of their cur-
rent or potential PPP projects. the functions 
embodied in the risk evaluation Model will be 
demonstrated in the following case studies in 
a simulated project environment. 
6. An illustrAtive eXAmple 
ApplYing the Computerized 
model for risk evAluAtion  
in A simulAted environment
this section illustrates a case study to pre-
sent to the readers on how to use the model to 
make investment decisions and effective risk 
responses. nan-tong Water group (nWg) is 
a famous water company in china that holds 
a top position in PPP water business with a 
figure 5. Data output format of the risk evaluation model
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focus on technology and management leader-
ship. It has more than 20 water treatment and 
water supply plants nationwide, and over 160 
employees. the nWg has built up a unique 
platform on which to support its customers 
with a range of services covering financing, de-
sign, construction, operation, and maintenance 
for water supply or sewage treatment. Howev-
er, in recent practices, the nWg found that a 
lot of PPP projects were exposed to high risks, 
involving high cost overrun and even high fail-
ure rate. this signaled that it is necessary to 
strengthen risk evaluation and response of its 
PPP water projects in the process of bidding 
and project implementation. therefore, nWg 
was keen to seek effective risk evaluation tools 
for improving its investment decision-making 
and risk response capability. according to the 
group’s development plan, nWg will continue 
to perform expansion strategy in the next three 
to five years. It will hunt for appropriate wa-
ter projects nationwide to further invest and 
enhance its market occupation rate through 
PPP procurement model. there are three wa-
ter projects available for potential investment 
of nWg and are located in three different cit-
ies near nantong city. the three projects have 
different local legal regulations, government 
regulations, and market risks. their general 
information is summarized in table 7.
to conduct this case study, the authors com-
municated several times with a project man-
ager in charge of construction and operation 
management of a sewage treatment project in 
the suburb of nantong city. the risk evalua-
tion model was introduced to him in details, 
and the risk perception for each project was 
extracted based on his expert judgment and 
experience as shown in table 8 (It should be 
note that the selection of risk possibility and 
severity based on a management team’s judg-
ment is better than that of a specific person’s 
experience). the data was then inputted into 
the computerized risk evaluation model for 
overall risk index calculation and the result 
generated was compiled in table 8. Project a’s, 
B’s, and c’s overall risk indexes are 3.17, 3.54 
and 3.10 respectively. It reveals that Project c 
(see figure 6) was the best option for invest-
ment than project a and B from the standpoint 
of project risk. Moreover, for investment deci-
sion making, the investor also need to consider 
some other factors, such as net Present Value 
(nPV), Internal return rate (Irr), and so on. 
By examining Project c’s six risk criteria, it is 
indicated that market environment risk and 
government intervention risk are the most 
risky areas, scoring 3.55 and 3.45, respectively. 
thus, potential risk response measures can be 
precisely designed and conducted to mitigate 
these most risky areas. Such as, the following 
measures 1 to 4 could be designed to cope with 
market environment risks, and the following 
measures 5 to 9 could be devised for handling 
government intervention risks. 
1. Precautionary measures – conduct inves-
tigation to evade market risk. (Scrutinize 
environmental conditions such as, mar-
ket tendency, price fluctuation tendency, 
international material, equipment, local 
currency’s depreciation, geological condi-
tion, etc).
2. transfer risks to the local government 
via government guarantees clause, com-
pensation clause, or tariff and concession 
period adjustment clause. 
3. Sign long-term purchase agreement with 
the government (adopt take-or-pay con-
tract) and obtain price guarantee for the 
product or service from the government.
4. Obtain substantive preferential benefit 
from the government in the aspect of 
land, tax revenue, foreign exchange, raw 
material purchase, market supplies, and 
so on.
5. Define authority and responsibility in 
concession agreement and make clear 
guarantee clauses with the government 
to prevent from government interven-
tion.
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table 7. general information of the three selected PPP water projects






Project a yancheng 30 thousand Km/day 70 million 30 Bot
Project B nanjing 50 thousand Km/day 110 million 30 Bot
Project c Huaiying 30 thousand Km/day 55 million 25 Bot
note: all three projects are under negotiation. Information provided by a project manager of nan tong Water 
group; Bot denotes Build/operation/transfer
table 8. risk perception for evaluation indicators of three selected PPP projects 
evaluation indicators and criteria Project a Project B Project c
Possibility Severity Possibility Severity Possibility Severity
Macroeconomic risk 
1 Foreign exchange fluctuation Vl Vl M M Vl Vl
2 Inflation Vl H VH VH l H
3 Interest rate fluctuation VH M M l Vl Vl
construction & operation risk 
4 Project/operation changes l M M H l M
5 completion risk M M H H VH M
6 Conflicting or imperfect 
contract
l l M M M l
7 Price change Vl VH H VH Vl VH
8 operation cost overrun M l M l l M
government maturity risk
9 Imperfect law and 
supervision system 
Vl l H H l M
10 government corruption M l H l l l
11 Poor public decision-making 
process
VH l M VH M M
Market environment risk
12 change in market demand Vl VH H VH Vl VH
13 Public credit H H VH M H M
14 financing risk VH l H l VH M
economic viability risk
15 Subjective project evaluation 
method
H l VH l H l
16 Insufficient project finance 
supervision 
l l VH l l M
government intervention 
17 government intervention VH M H H M M
overall risk level calculated by 
the risk assessment model
3.17 3.54 3.10
Decision-making (experts’ 
opinion: end-user’s opinion = 50%: 
50%)
×
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6. Develop and maintain good connections 
and relations with the local government 
authorities.
7. obtain the letter of guarantee or consola-
tory letter from the higher levels of gov-
ernment.
8. establish consortium with local re-
nowned private enterprise, state-owned 
enterprise, and international corporation 
or government agencies.
9. Insurance for political risk.
If the above-mentioned measures can be 
implemented properly, the success of PPP 
projects can be ensured to some extent. 
7. ConClusions 
this paper presents a fuzzy risk evaluation 
model for assessing a PPP project’s overall risk 
level, particularly with reference to the chi-
nese PPP industry. risk evaluation factors 
(indicators) are structured into a three-level 
hierarchical structure, enabling the assess-
ment of risk probability and risk severity to be 
undertaken at different levels. the model was 
primarily designed for two purposes, namely, 
for private investors or bankers to assess PPP 
projects’ risk level for auxiliary investment 
decision-making and help PPP practitioners 
to identify their projects’ most risky areas for 
effective risk management. the model calcula-
tion process is assisted with the computerized 
program designed by Visual Basic for applica-
tion for convenience use and precise calcula-
tion. the described model provides a tool to 
measure the risk level of PPP projects in quan-
titative terms. However, one limitation of this 
model is that the database of expert opinions 
is difficult to update as more expertise with 
relevant PPP projects is gained. further re-
search will focus on the design of the expert 
opinion updating system. 
figure 6. risk evaluation result output of Project c
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AppendiX 1. appropriateness tests and results of factor analysis
Item Kendall’s coefficient of concordance (W) Significance level
round one round two % of improvement round one round two
Probability 0.183 0.251 37.2% .000 .000
Severity 0.084 0.127 51.2% .000 .000
KMo Value and Bartlett’s test of Sphericity
Kaiser-Meyer-olkin Measure of Sampling adequacy 0.621
Bartlett’s test of Sphericity approx. chi-Square 442.291
Df 136
Sig. 0.000
factor loading of underlying risk factor





1 Foreign exchange fluctuation 0.858 1: Macroeconomic risk 14.881
2 Interest rate fluctuation 0.751
3 Inflation 0.750
4 Project/operation changes 0.776 2: construction and operation 
risk
14.490
5 completion risk 0.773
6 Conflicting and imperfect contract 0.654
7 Price change 0.521
8 operation cost overrun 0.469
9 government corruption 0.719
3: government maturity risk 12.33910 Inadequate law and supervision system 0.692
11 Poor public decision-making process 0.585
12 financing risk 0.762 4: Market environment risk 8.827
13 change in market demand 0.586
14 Public credit 0.520
15 Subjective project evaluation method 0.730 5: economic viability risk 8.309
16 Insufficient project finance supervision 0.654
17 government intervention 0.862 6: government intervention 7.416
extraction method: Principal component analysis; rotation method: Varimax with Kaiser normalization; 
rotation converged in 5 iterations.  adopted from Xu et al. (2010)
